On the assumption that depho~phoryiation of the n~urotropic.coronavirus J HM (JHMV) nuclcocap~ld protein (NI may be connected with initiation or the infectiaas cycle we ~arehed for a relevant host enxyme activity, Analysi~ of ~ubccllular fractions from L-2 murin© flhrt~bla~ts, ~parate¢l t ~ dual Percoll density g, tadieats, revealed the presence of a pho~phoprotei~ phosphatase (PPPaseL co.~cdimcntinll with the endososomai/prelyso. s~im.I material, which possesses high activity alainxt N, With purified pZPJN as substratc it was demonstrated that this PPPase. d stinilaishable from acid and tdkalin~ phosph~tascs, acts optimalb, at neutral pl'{ in th© pres©nc¢ of Mn ]" following treatment with a detergent, Complete inhibition wi:h okadaic acid at 0.9.-4,$ tIM but not at b, d0 nM relegates thi~ PPPasc ton type I protein phosphatase. Similar PPPase activily for N was present in the endosome fraction of at rat Roc. 1 astrocytoma.olijlodendroc~cte cell line and in homc~lenates of brain and cultured OliltOdendrocytes. Oar d~ta sul/gest that the phosphorylatcd N of the inoculum may be modified by the endosomal PPPa~e in hosl ¢©11~, incladinil tho~c from the CNS so a~ to factlitale the .II.IMV infectious process.
INTRODUCTION
Protein phosphorylation is known to be fundamental in the regulation of numerous cellular processes [1] . In the ease of viruses differential states of phosphorylation can profoundly modulate cell-virus interactions and generally influence the infection [2, 3] . Protein phosphatases (PPases) of several well-categorized classes [4] , acting in concert with protein kinases, also affect many cellular processes but have not been shown, heretofore, to be involved directly in viral functions Coronavirus JHM (JI-IMV), a neurotropic strain of mouse hepatitis virus (MHV), causes demyelinating and er~.cephalitic diseases in rats and mice. Demyelinating lesions in the white matter of the rat CNS presumably occur due to the tropism of JHMV for glial cells of the oligodendrocytic lineage [5] . Evidence from several studies indicates that the infectious process which commences with penetration may be initiated at or near the cell surface, perhaps following sequestration of the in, oculum in an endosomal compartment with a neutral pH milieu [6] [7] [8] .
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2,4, Marker enl)'m¢ a~ta}tx
Add phosphalase 'was assayed a¢~:ordln$ to Pallen and Wan= i141. Lactate dehydrol!enase tEC 1.1,1.21) using tile Sigma Dial=no,tic reaitem 'kit (LD,L] (S|llma Dlatmostics, St, Louis, MO), alkalitle pl~osphalase as described by Le© el al, [ I ~l, (except that the reaction i~ t,~cure, made up to a volume at 1,0 ml will1 distilled water, ~onlain~d I lunol pNPP, 20 ~mol MtlCI: and. $0 lamol Tris.HCI, oH 9.0), the ouabaln.~ensltive (Na', K*).dep~ndcnt ATPase actiqq,' as ,~lcs,eribed by Gates and Holland 116] and/~.~talactosldase as in itallet al, [ layer became fused into syncytla, usually 12 h after infection at 32"C, the cultures were incubated for 2 h in phosphate-free medium at 37'C. Then 2 mCi []:Piorthophosphate (DuPont, Canada Sl~.cific activity: 8~00 Cilmmol) was added and syncytiogenesis allowed to proceed to completion. The cell material was washed thrice with cold PBS, scraped and suspended in 1.5 ml H:¢O per tray; then disrupted by squeezing tlwouBIt a syringe tipped with a 30.gauge Itypodermic needie, The resulting lysate, buffered with TMEN-6 (Tris-maleate 50 raM, EDTA l mM and NaCI 0.1 M, at pH 6,0) was c~ntrtfuged at 7000xg for 15 rnin to obtain a supernatant fraction containing the nucleocapsid component, Membranes were solubilized with NP-40 at a final concentration of 0,5% by shaking at 0*C for 30 mix Follow. ing centrifugation at 1,3, l0 "~ x gl for 20 h through a 15 to 500/0 (w/w) sucrose gradient in TMEN-6 containing 0,1% NP-40, layered over a 65°70 sucrose cushion, I ml fractions were collected from tile bottmn and analyzed far N by SDS polyacrylamide gel electrophoresis (SDS-PAGE) [20] and where appropriate also by Western blotting [2t].
The bottom 4 gradient fractions containing concentrated N were pooled for preparative SDS-PAGE. Visualization in the gel by 4 M sodium acetate [22] permitted precise excision and extraction of the N band from the gel, as described by Pruslin and Rodman [23]. The extract was clarified by centrifugation and filtration and dialyzed against distilled water, Homogeneity and purity of the product was assessed by autoradiography and Western blotting, using a monoclonal (Mab) anti-N antibody (kindly provided by M Buchmeier of the Scripps Clinic and Research Fou ndation, La Jolla).
2,7. Phosphoprotein phosphatase assays
The reaction mixture consisted of 25 mM Tris.maleate buffer (pH 7,0), 1 mM MnGI2, O.l~lo Triton X-t00, 32P.labelled N and the enzyme fraction 120-100 lag protein) in a total volume of tO0 lal. After incubation at 30°C for 90 rain the reaction was terminated by addition of 400 ~1 ice.cold 25°70 TCA plus 50 p.l 1°10 BSA and left overnight at 0PC. 32p released into the supernatant by enzyme action was assayed by the method of Maeno and Greengard [24] . Qualitative assessment of dephosphorylation was obtained by comparing the autoradiogram of SDS-PAGE separations of control and experimental reaction mixtures on 10O7o aery!amide gels.
RESULTS
A protein phosphatase activity against purified N protein, which could be activated with Triton X-100 was detected in L.ceil homogenates. Subcdlular fractionation intended to ~eparate membraneous organdies was carried out by means of dual Percoll gradients [! 3],~ The data regarding distribution of marker enzymes oh. rained from such fractionatlon are summarized in Fig,  1 and Table 1 The data comparinl~ P PPase activities against ()-'P]N as substrata, relative to the activity in the total ceil homogenates, were obtained on subcellular fractions and are shown in Table I , It is evident from these data that the endosomal fraction was enriched 25,reid in this PPPase, Material from Per¢oll 8radiant II in tile fractions enriched in plasma membranes contained only minor dephosphorylating activity (data not shown). The effect of the endosomal PPPasc on the [~'~PIN ~ubstrata, was also demonstrated autoradiographically, as illustrated in Fig, 3 , supporting the quantitative results.
The endosomal PPPase activity was stable during storage at -20"C for over two months, but profoundly decreased upon freezing and thawinl~ more than once. The pH optimum, basd on measurements in buffers containing sodium acetate, Tris.maleate and TrIs-HCi, providing the appropriate pH range, occurred at about neutrality (data not shown). Mn -'+ at 1 mM was the required divalent cation for optimum PPPase activity, while Ca") and M8 ~'' were less effective and Zn=* and Fe ='" were inhibitory (Table 11 ). The PPPase in the 1 2 endosomal fractions could be differentiated from any contaminating acid phospllatase by the degree of inhibition in the presence of 30 mM NaF: the acid phosphatase was reduced by 96=/0, while the neutral PPPase by only 33%, as evident from Table II PPPas©(s) actinil on [~:PIN substrate. We compared PPPase assays on rat material, including extracts of neonatal brain, primary olijodendrocytes and a defined endosomal fraction from olilodendrocyte x C6 astrocytoma Roc-I cells, with endosomes from L-2 cells. Since it is impossible to determine from which particular cell type endosomes originate when starting with the heterogenous cell population in brain tissue and was not possible to obtain a sufficient number of purified primary oligodendrocytes for isolating endosomes, we were unable to obtain any data directly on endosomal PPPase in these two materials. It Is, however, evident from Fig, 4 , that homogenates from brain and primary olit~odendrocytes contained respec. tively about 5 and 12 times more PPPase, per 50 lag prorein, than Ilomogenates of L-2 cells. Assays made on liver and kidney tissue homogenates demonstrated that the comparable PPPaseactivities, 1,5070 and 2070 respectively, were lower than those in brain and approximated those found in whole homogenates of L-2 cells, The endosomal preparations from L'2 and Roe-1 cells con, tained comparable PPPase activity. Therefore, the PPPase which may play a role in the infection of the CNS by JHMV is abundantly active in neural cells.
DISCUSSION
Presence of a serine-threonine type 1 endosomal PPPase activity, evidently specific in the dephosphorylation of a viral nucleocapsid protein N, can be detected in murine L cell fibroblasts, rat glial cell line, explanted oligodendrocytes and brain tissue, drawing attention to the possible role of this enzyme in the infectious process of a neurotropic coronavirus JHMV. Activation of this PPPase in the presence of detergent suggests that the enzyme is latent, perhaps residing on the endosomal membrane rather than in the fluid milieu of the endosome. It has not been established whether the PPPase occurs at the external or cytoplasmic face of this organelle. The presumed role for a neutral PPPase localized in endosomes during early virus-cell interactions is consistent with clear evidence that coronaviruses, unlike many other enveloped agents, do not pass through an acidic compartment to initiate their infectious cycles [8] . It is, of course, well established that contents of endosomal vesicles progress from neutral to an acidic milieu as these organelles migrate from the surface towards the interior where, due to membrane fusions and proton pumps they become prelysosomes, then lysosomes with an acidic content [28, 29] . The RNA genomes of coronaviruses may gain access into the cytosol near the cell surface, conceivably soon after inoculum virions have been sequestered inside early endosomes. Thus a neutral PPPase concentrated in early endosomes would be in a strategic position to dephosphorylate the coronavirus N component of nucleocapsids after internalization of the inoculum virions.
AS to the biological slltnifieance of specific dephos, phorylation of the viral component by the endotomal PPPase, our previous studies [30,31] indicated float molecules of N out of wiaieh the protective coat around the RNA genome is made =, become rapidly hydrolized after infection, Dephosphorylation may be the initial step required for the processing of N. This idea led us to hypothesize that the PPPase activity, described here, initiates dissociation of N from the nucleocapsid so as to promote uncoatin~t of the RNA. The role of the PPPase may also be of relevance in infections within the CNFI, where JHMV is specifically tropic for cells of the oligodendrocytic lineage both in young rats and CNS ¢xplants [5] , Susceptibility to JHMV infection is lost when the progenitors acquire the phenotype of mature oligodendrocytes. The block due to matu ration, which is apparent subsequent to attachment and sequestration, could involve the uncoating step, The nonpermissive state of mature oligodendrocytes for JHMV could be related to the cAMP dependent protein kinase metabolism, specifically involving a notable upregulation of the regulatory subunit RI of protein kinase type I [30]. Since RI can suppress the endosomal PPPase when added to an in vitro assay system [31], there appeared to exist in oligodendrocytes an interrelationship between induction of R and inhibition of the endosomal PPPase. The consequence of reduced PPPase activity in oligodendrocytes might be an adverse effect on the uncoating of JHMV affecting viral expression in the CNS.
